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: The 5' nucleate PC ft a tray datnete th* 
Accumulation of specific PCR product! 
' by hybridization and cleavage of a 
double-labeled fluoroaenlc probe 
during the amplification reaction. 
The probe Is an oligonucleotide with 
* both a reporter fluorescent dye and a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dicates that the probe has hybridized 
to the target PCR product and h«, 
< been cleaved by the 5' nucle- 
olytlc activity of Too DNA polymerase. 
In this study, probes with the 
quencher d yc attached to an Internal 
nucleotide were compared with 
probe* with the quencher dye at- 
tached to the S'-end nucleotide. In alf 
ideates, the reporter dye Wfl> attached 
to the S^ehcl. All Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3 - 
end nucleotide exhibited a larger sig- 
nal in the 5' nuclease PCR assay than 
the Internally labeled probes* It Is 
proposed that the larger signal 1, 
caused by Increased likelihood »f 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also exhibited 
an Increase In reporter fluorescent* 
Intensity when hybrtdhted to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybrldlza- 



A% homogeneous aiisay for detecting 
the Mix-uirmtotJou of specific PCR prod- 
uct that uses a double-labeled finoro- 
genic probe was described by Let* et al» (1) 
The assay exploits the 5' • » 3' nude- 
olyilc activity of Taq DNA poly- 
ujci«at? (7 and h diagramed in Mgure 1. 
'Hie fluoiogenlc rmjlni consists of an oli- 
gonucleotide wad v reporter fluorescent ' 
dye, Muh a*> n fluorescein, attached To 
il*e 5' end; und n quencher dye, such as a 
rhodaminc. Attached Internally, When 
the fluorescein is excited by irradiation, 
Its fluorescent emission will be 
quenched it the jhodainiuc in dose 
enough to be excited through the pro- 
cess Of fluoresceins* energy transler 
0'lT). H -*> During PCR, if the probe is hy. 
hridlzcd to_a,tcmplale-^li^Ha r _r^-DNA— 



polymerase will cleave the probe be- 
cause of its inherent ,V 3' nucleolytic 
activity. If the cleavage occurs between 
IhC fluorescein and rhodamlnc dyes, it 
causes an increase in fJuoicsvein fluores- 
cence intensity because the fluorescein 
is no longer quenched. "Hie increase in 
fluorescein fluorescence Intensity inch* 
tales ihut the probe-specific PCR product 
has Inrun gvnerutvd. Thus, FET between a 
lepuitri dye and a quencher dye is tTltt- 
cal to the performs nee of lljr. piube in 
the 5' ii uuieaatj- PCR Assay. 

Quenching is completely dcpcndcnl 
on the physical proximity of tbv two 
dyes/' 0 Because of this, U has huun av 
sumcd thai the quencher dye mu*L be 
ultaciied neat the 5' end. Surprisingly, 
we have found thai attaching a rho- 
daiuute dye dL Lhc 3' cud of a'piuln: 



PCR^suy. llirthermore; cleavage of this 
lype of probe is not required to acfiieve 
some reduction In que netting., Oligonu- 
cleotides with a reporter dye on the V 
end and a quencher dye on the 3' end 
exhibit a much higher reporter ftuores* 
Cence when douDie-stranded as com- 
pared with single-stranded. Tin's should 
tnaks it possible to use this type of dou- 
ble.labeled probe for homogeneous de- 
tection of nucleic acid hybridization, 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
-study— Linker— arm— nucleotldtr^LAN) 
phosphoramiditc was obtained from 
OJen Research. The standard DNA phos- 
phors niditcs, 6<arhoxyfJuorcscein (6. 
FAM) phosphoramidite, n-carboxytet* 
rarnethylrhodamlne sucexnimfdyl ester 
(TAMRA NHS ester), end PhosphnJink 
for attaching a ;T -blocking phosphate, 
were oDlalncd trom Parkin -Elmer, Ap- 
plied niosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthesiser (Applied 
Biusystems). Primer and complement 
oligonucleotides were purified u.sing 
OUgu Puriflu-atiun Cartridges (Applied 
Blosyslemsr), Oi/ubk-lulKtli-.d prnbes were 
synthoiml with 6-l»AM*labeled phos- 
pliwidiiiidilt: Hi the 5* wnd, JAN n.*pUidng 
mitt of thcTs in the sequence, and 1'hos- 
phalinfc m the 3' end, Following de- 
piottxtlon and etbimoJ precipitation, 
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niM Na-blcarbonatc buffer (pi J 9.0) ai 
room temperature. Umcactcd dye w«s 

icinuvtrU by ptUMgi: ovci a I'D 40 Seph«* 

dex column. Finally, the double-labeled 
probe w« s purified by preparative h>Rh- 
performance liquid chromatography 
(HPUIJ uMng an Aquaporc C K 220x4.6- 
_Jlimcoiuma_withJ^^m particle wac^i'lic 
column wa* developed with a 24^mln 
linear gradient of 9-20% acctoultrite in 
0,1 m T£AA (trR-thylamlne itcotatc). 
l'mbes are named try designating the se- 
quence from Tabic 1 and the position of 
the UN-TAMRA moiety. For example, 
probe Al-7 has sequence Al with fJVNU 
TAMKAat nucleotide: position 7 from the 
.V end. 



PCR Sy»ttrm> 

All i J CK amplifications were performed 
in the Pcrkiii-Elmcr CcncAmp PCR Sys- 
tem 9600 using M>uJ reactions thai con- 
tained 10 ihm Trls-HCJ (pU a.3), 50 iiim 
KC1 ( 200 ftM dAW, 200 m-m dCTl», 200 
dGTP, 400 \lm dUTP, 0.5 unit of Amplir- 
as^e uracil N.gIycosyla&e (Perkin.EJmcr), 



gene (nucleotides 2141-2435 in the se» 
quence of Naka|lmo-n|lma ci ai,) (7i vvas 
ainpliUed usin B piiiaen AFP and AJlP 
(Table 1), which are modified slightly 
from those of do Brcuil ct nh CH) Actln am- 
plification reactions contained 4 niN 
M oAv 20 ng of human genomic UNA, 



-5G nxi Al or A3 probtTand 300 nM each" 



TABLE 1 Sequences of Oligonucleotides 
Name 



primer. The thermal regimen was SO^C 
<2 mln), 05«c (10 mln), 40 cycle* of 9S°C 
(20 aec), 60»C (1 mln), and hold at 72*C, 
A 31£-»p aegniein was amplified fruni a 
plasm Id that consists of a segment ot X 
1>NA (nucleotide!* 747) in- 

serted in the Smal sito of vector pUCl 19. 
Hiese n:«ctlum wutuhiuU X.S 
M K c;i 2# 1 n fi of plasmid DNA, $0 riM VZ or 
P5 probe, 200 nw» primer F119, and 200 
»m piujiei R119. The thcrmdt iegJmcn 
W«* SOX (2 mln), f>5 a C (10 mln), 25 cy- 
cle* of 9$ a C (20 »cc), 57-C (1 mln), and 
hold at 72 ft C 



fluorescence Detection 

For each amplification reaction, » 40-M-l 
Aliquot of a sample was transferred to an 
individual well of a white, £><Lw<iJl micro- 
titer plate (Ptrkin-inmer). Fluorescence 
was measured on the i'crkln-fclmer Toq. 
Man Li»-50U System, which consists of a 
luminescence s ochrometer with plate 
reader aaAcmbly, a 485-nm excitation fil. 
ter, and a Miwim emli*ion filler. Rxeita. 
tion was at 488 mn using a slit 
width. Emission was measured at 518 

nm for 6-I'AM (iho. reporter or H value) 
and 5ft2 nm for TAM1U (the quencher or 
Q valut) uiing a lO-nm sill w!<Jth. To 
dctccmlac the incica&c hi lcpuitei emis- 
sion that h caused by cleavage of thtr 
probe during 1>CK, three normalization* 
aie applied to the law enu^Nion data. 
J-'irst, cmtjsion intensity of a buffei blank 
h subtracted for each wavtrlcu ^ tli- Sec- 



ond, emission Intensity of the reporter is 
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ACCCACACSGAACtCAl CACCACTC 
AIX3'ICCiCGrrCCCK5C7i t CACX;iTcn CiC 
TCCK^IXACraAi'CCriXJCLAACCACTp 
C1ACiCCrpcCCAAa;ATCA(5TAATOCr*Ai<J 
CUOA*iTJGa<iO"rATCiAlX^CAACCAIV 

nr^TccTTcrrcATACAi*A<x:AOC^rccc 

TCACCCACACTGTGCCCATCTACQA 
CACiUK^A At it XiCI X AT rCKX'AATCU 
ATCCCCICCCCC^iXSCCA'iCCltiOOi^ 
Ac^t:t:c^{;<;A'ix:(:tjvjx;tTt;t;r;At:(;T;<^TAC 
cGcxxrrCGACrrccAocAACAOAii. 
crATfrrcTTocrooAAGTccAnnocRAc 



Tor each ollKonurlcoriae used In Ulii *tudy, the nucleic add rcqwsKT is KJven, written in the 
S >A tUryviioii. Tlitie are ihrer typo of o!i S onudeoUd«; VCR primer, fluorogenJe probe u^cd 
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A1-J - 

AM4 

A1-22 
A1-26 



A1-2 

AM4 
A1-10 

A1-S6 



nri >M W P « t+mr>. 



682 nm 
a Uwp, » lomp. 



AUG 



25 O d. 2.1 92.7 A 1 ,0 38.3 rt 3.0 

63.0*4.3 30S. 13121.* 108.6**.$ 

127.0*4.0 403.3* t0.1 109.7±5.3 

1B7.5 * tx 9 7.7 70.3 n 7.4 

as4.c * o.4 43G,L» 4 43t9 1oao 4 4i0 

160^ J O.S 4i>4.1 1 \tf.+ *i>.4 



39.0* 2.0 
1 10.3 !* 5.3 
93.M S.3 
73.0 a 2,0 



O-G? * 0.01 0.60 4 O.OB 
040*0.0* 3.S6*0.t7 



I. IS i o.os 
2.S7 a 0.06 



6.00 A <MG 



CJSGa.0.03 5.02 10, M 



O.tOd 0.06' 
3XK»* 0.1ft 
3.18 4 0.1$ 
3.13 a 0.16 
C77 1 0.12 



^ 'T'lT :r r """I*" 1 '^ l»*bcs with TAMRA at different nude 

ocklc ^positions. As described In Material* and Methods, vnt amplification* containing the in- 
dicated proofs were performed, and the flucvMumcc omission was measured M 51 ti and s«2mn 
Reported valuta arv the average* 1 s.o. for six reactions nm without added template (no temp ) 
and six reacilons run with template (-i temp,). Th* RQ failo was calculated for each individua 
reaction and av C ra 8 cd to give the reported RQ" and HQ 1 values. 



Qiviard by the emission intensity of ihr. 
quencher to give an RO ratio for cadi 
reaction tube. This normalizes for wdl- 
ro-weil variations in probe concentra- 
tion and fluorescence measurement. Vu 
s naiiy, arq is calculated by subtracting 
ttic KQ value of the no-remplatc control 
IRQ") from the RQ value fur the w m- 
pJctc rcaoion including template 
(RQ'). 

RESULTS 

A senes of probes with increasing dis- 
putes Between the fluorescein rcponei 
— aTTdThTTdaTninc quencher were tested to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease rCH as- 
say. Tnese prunes -hybridize to a target 



.sequence in the human p-actin fir , np „ 
Wguic 2 shows the results of on experi- 
ment in which these- probes were In- 
cluded in PGR thai amplified a segment 
of the p-iiclin containing the UJgct 
Sequence. IVifuiuittiiL'e hi the S J nu- 
clease PCR assay is monitored l*y the 
m<ignltiide of ARQ, which ls o measun? 
of the Increase in reporter nuorc>ci;iiw 
utu^t-d by PCR arupJlfication of the 
piobc mrgct, ProheAl-21iaa a AKCi value 
that is close to r.ero. Indicating that the 
j^robc was not cleaved appreciably dur- 
ing the amplification fchUkui, Thl?. aug- 

K caU that with the q uencher dytt the 
strvund nucleotide from the V end, tliere 
is insufficient fuum foi Tuy polymciasc 
to cleave efficiently between the reporter 
and quvfiLhei. The olhcr five probes ex- 
hibited comparable ARQ values lhal are 



clwrly different from zero. Thus, ull five 
probo apr bvfoft cleaved i\ur\^ K:k am- 
)»UfJcatluii louHingin a &iuii)ttr Increase 
111 icportci* nuoi^ocJicc. It xhwuid be 
noted (hot complete digestion of a probe 
produces a much larger increase m re- 
porter fluorescence than that observed 
in Figure 2 (data not shown). Thus, even 
In reactions where amplification occurs, 
the majority of probe molecules remain 
undeavea. li is mainly for this reason 
that the fluorescence intensity , of the 
quencher dye TAMJIA channel HHlc with 
amplification of inc targei. This Is what 

allows us to USC the &32-nm fluore?cc.n<:e 
reading as a norrnilUatlon factor. 

The magnihidH nf RQ* dopond% 
moinJy on the quenching efficiency in- 
h«rftnr in the. static .strucrure ol the 
probe and the purity uf the oligonucle- 
otide. Thus, the larger HQ" values lndi* 
cate that proDes A1^14, /u-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with A1-7, Still, the degree 
of quenching Is sufficient to detect a 
highly significant lm:rtu>!w in reporter 
fluorescence when each uf these probes 
ia cleaved during PCR. 

To further Investigate the ability of 
TAMkA on the 3' end to quench fi-PAM 
on the 5' end, three additional pairs of 
probe* were tested in the 5' nuclease 
PCR assay. Foi each pair, one probe has 
TAMJIA attached to an internal nude 
utlUc and the othei has TAMRA aUachcd 
to the y end nucleotide, The results arc 
shown in Tabic 2. hor all three sets, the 
probe with the 3' quencher exhibits u 
ARQ value thai is considerably bi K hei 
dian for the probe with the internal 
que^chcr^rhc-RQ— vckK^s suggest thn* — 
differences In quenching arc not as grroit 
as those observed with some of the A3 
PTobc*. These results demonstrate lhat a 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Kesults of V Nuclease Assay Comparing Prober with TAMRA Attoched to an Internal or 3'-tc rminu) Nucleotide 
MB run SA2 nm 



Probe 


no temp. 


+ temp. 


IM) Urmp. 


+ lemp. 


HQ 


R<V 




A3-6 
A3-24 


54.6 x 3.2 
72.1 * 2.9 


84,tS = X? 
236.5 i 11.1 


316.2 a. 6,4 
£W.2 + 4.0 


90.2 i 3.8 


CM 7 a. 0.02 
0.86 i 0.02 


0.73 a. 0.0H 
2.62 ± 0.05 


0.20 ± O.fM 
3.76 ±0.05 


P2-7 
1*2-27 


82.B s. 4.4 
113.4 2:6,6 


3B4.0 ± 34.1 
555.4 ± 34.1 


lUiU X 6.4 
140.7 * 8.3 


120.4 =r lo.Z 
118.7 2:4,8 


0.79 1 0M 
0.83 ± 0.01 


3.1P * 0.36 
4.68 ± 0.10 


2.40 k O.K. 
3,88 t 0.10 


I'5-10 
VS«28 


77^ ± 6J5 
64.0 X 5.2 


244.4 2 
333.6 ± 12.1 


86.7 i 4,3 
liK).6 * 6.3 


9S.S 6.7 
94.7 Z 6,3 


0.89 a 0.05 
0.63 ± 0,02 


2.55 a 0,06 
3.53 0.12 


U6± 0.08 
2.89 i 0.13 



no® 



„„ M9 Bnrt nu^xHom wt:re nerformcd us described In Materia Mclhada and in the legend tg Hlg. 1 
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fluorescence of a reporter dye on the 5' 
end. Tliw decree of quenching is suffi* 
deal fur OiiN type of oligonucleotide to 
be usrd as a probe in the .V nuclease PGR 
assay. 

To test the hypothesis that qu 
by a .V TAMRA depends on the flexibility 
of rjie oligonucleotide, fluorescence was 
ntcaftui*) fur probes in the Single- 
stnnded and double stranded states. Tft- 
hl* imperii Oie fluorescence observed 
at 518 and 582 nm. The relative degree 
of quenching is assessed by calculating 
the RQ ratio. Vor probes with TAMRA 
rt-JU nucleotides from the S' eiid, there 
Is little difference in the RQ values when 
comparing slngfoatrandttd with double- 
stranded oligonucleotides, The results 
for probes with TAMRA *< the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic Increase in hq. vve 
propose that this loss of quenching is 
caused by the rigid Structure of double. 
Stranded DNA, which prevents the 5' 
and 3' ends from bein« in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg 2 ' effect on 
quenching Flgur* 3 shows a plot of ob- 
served RQ values fur the Al series of 
probes as a function of Mj( 2H concentra- 
tion. With TAMRA attached near the 5' 
end (prohe A 3 -2 or Al-7), the RQ value at 
0 niM Mg 2 - is oniv Slightly higher than 
RQ at 10 mM Mg* 1 . l'or probes Al-19, 
A1-Z2, and AU26, the RQ values at 0 m M 
Mg J are very hi«h, indicating a much 



mduocd quenching efficiency. Par each 
oi these probes, then; Is a marked de- 
crease in KQ at 1 , nM Mg 5 4 followed by 
u gradual decline as the Mg 9 1 wiiccu- 
trution increases to 10 mM. Piube Al-14 
shows an intermediate RQ value at 0 mM 
M$ 4 with a gradual decline <i\ hlgiicr 
W K ** COiKcnlittUiu*. In a low-$all en- 
vironment with no Mg a " present, a sin- 
file-stranded oligonucleotide would be 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg 4 + Ions acts to 
shield the negative charge of the pho.s- 
phate backbone so that The oligonucle- 
otide can adopt conformations where 
the H' end is close to the 5' end. Theie- 
fure, the observed Mg 2 • effects support 
the notion that quenching ol a 5' re. 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study Is that 
it teems the rhodamlne dye TAMKA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (0-i r AM) placed at 
the 5' end, This Implies that a sinfcle- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA Is dose to the 5' 
end. It Should he noted that the decay of 
6-!'AM in the excited state requires a cer? 
tain amount of time. Therefore, what 



518 run 



1W». 



587. nm 



99 



RQ 



99 



U 5 



AI-7 
AL26 
A3- 6 
AM4 

rz-y 

V2-27 

rs-io 



ss 



as 



27.75 
43.31 
16.7S 
30.05 
35.02 

^7;^A 

33.65 



S09.3« 

578,f54 
70,1.1 
320.47 
144.B5 
4<S2.29 



61.08 
53.50 
39.33 
07.77. 

66. 3 U 



m.1A 
93,86 
I6S.57 
140.25 
121.09 
61.13 
165.54 
104.61 



OAS 
0.81 
0,43 
0.4$ 
0.64 
0.61 
0.4* 
0.46 



11.50 
5.43 
0.38 
3.21 
0,58 
S.25 
0,87 
4.43 



(SS) sln S ,lwstr « n <W' The fluorescence emissions at 538 or 582 mn for solute™ mn i*inf n » « r,»M 

ZS^frT'T, pro1 *' 10 mM 1W « w« ?o S5VK2^ 

M ^S^^f' '*V ol » T j™ 5 contained, In addition, 100 «m A3CJ for probrs Al 7 and 
AhZO 100 n>i A3C for probes A3-6 and A3-24. 100 n M l>2c for pmlx-» » 7 and rZ-7-7. or 100 nM 
TSC ^ probe* PM0 and rM* h^c xnc ad dM|«n of ^ » of «!. >U» pU wi l« 



mnrtcra for qucncliUi^ In u«i the average 
distance between O'l-AM and TAMRA 
hut, rather, how ciose TAMKA can get lo 
6*MM during die lifenme of the 6-hAM 
excited stale. As ion^ ^ ih c decoy time of 
the excited state, is relatively long com- 
pared witn the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA At the 3' 
end, or any other position, can quench 
©-FAM at the y end because TAMRA is in 
proximity to fi.KAM often enough to be 
able to accept energy transfer from an 
excited 6»FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridization of probes 
Al*26, A3-24, and 1^28 to their comple- 
mentary sirands not only causes a lar^c 
increase in 6-FAM fluorescence at 518 
hot but also causes a modest Increase in 
TAMRA fluorescence at 582 mn. H 
Tamra Js being excited by energy trans- 
fer from quenched ti-l-'AM, then loss of 
quenching attributable to hybridization 
should cause a decrea.se In the fluores- 
cence emission of TAMRA, The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the situation Is 
more complex. For example, we have an. 
ecdmai evidence that the bases of The 
oligonucleotide, espccidlly ti, quench 
the fluorescence of both 6-FAM and 
TAMRA tn some degree. When double- 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6->AM in an_intact4>fobe-^-thc-TAMRA- 
dye. Kvidcncc for the important* of 
TAMIU j 5 that 6 KAM fluorescence 
remain?, relatively unchanged wncii 
piobcs labeled only with 6-FAM are usvil 
In the V nuclease l'CR assay (data not 
shown). .Secondary effectors of fluores- 
cence, both before and afiei cleavage of 
the probe, need to be explored further. 

Kegardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the S' nuclease 
PCR assay , There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe In Uic 
y nuclease PGR assay* The first factor is 
the degree of quenching observed In the 
intaa probe. This Is Characterized by the 
value of RQ , which is the ratio of re- 
porter to quencher fluorescent cmis 
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f ICURE 3 Kftot d»f Mg 1 " 1 iiAnccntr Ation on RQ ratio for the Al serlei of proles. The fluorescence 
emission Intensity at S18 and 582 run was measured for solutions containing 50 nM prob*, 10 mM 
Trh-HCl (pH (S3), 50 mM KCJ. and varying amounts (0-10 mM) of MgU 2 , The calculated l*Q 
ratio? (518 nm Intensity divided by S*Z nni intensity) an- plotted vs. MgCl* concentration (mM 

M N ). 'IIik key {uyjM fight) slimy* the |»uj!a^ cxaiuimnl. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
ulhex factors ihot reduce flexibility uf 
the oligonucleotide, and purity of Ihe 
probe. The second factor is the efficiency 
- of Iiyhudi^aUon, which depend* on 
probe T 11V presence of secondary struc- 
ture In probe or template, annealing 
• temperature, and other reaction condi- 
tions. The third factor Is the efficiency at 
' which Taq DNA polymerase cleaves tlu* 
, bound probe between the reporter and 
quencher dyes. This cleavage Is depen- 
dent on sequence complementarity be- 
_rween_pTQhe and template a^ showii-by- 
Uie observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduee the deavag* uf 
probe. 11 ' 

The rise in RQ values for the A3 se- 
ries of probes seems to indicate that the 
degree or quenching ts reduced some- 
what as the quencher is placed toward 
the 3' end Ihe lowest apparent quench- 
ing Is observed for probe Al-19 (see Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Ai-26j. Trm ™ 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the coniormatkm 
of an internal position, In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 

~J K*.* «*U a » Ihroa v—+v r\f 

9T0@ 



probes, the interpretation of RQ value.? 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
piobe having a laiger RQ than the In- 
ternal TAMRA probe. Tor the P2 pah, 

lx>th probes hove about the same RQ" 

value. Foi the PS probes, lite RQ for the 
3' probe, b lew than for the internally 
labeled probe. Another factor that may 
explain some of the cahflervetl variation is 
that purity affect? the RQ" value. Al- 
though till probes arc HIM.C purified, a 
smnl! amount of contamination with 
unquenched reporter can have a la rgft ef- 
fect on HQ , 

AhlH>ugli-thtff^-fi»ay^^-inotIcitef-- 

feci on degree of quenching, the posi- 
tion of the quencher apparently i.ati 
Imvl a large effect on the efficiency of 
pjfobc cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleullde t educes the efficiency of cleav- 
age to almost *cro. For the A3, 1% and PS 
probe*, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily by assuming thai piobes 
with TAMRA at the 3' end are more likely 
to be cleaved between lepoitei and 
queneheT than are probes with TAMRA 
attached internally. J : or the A1 probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher is 
nl»r**1 rin*fr tn thp V end. This ilius- 
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Irate* the importanro nf being able to 
use probes with a quencher on the 'A* 
end in the S' nuclease PCU arjsay, In this 
assay, an increase In the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between the 
reporter and quencher dyes. By placing 
the iupui-Lur and cjuunuhui dyi'i, uji the 
opposite end ft of an oligonucleotide 
probe, any cloavage that occurs will be 
detected. Wlicn the quencher is uttuehed 
to an Internal nucleotide, BoinetJmes thu 
piube works well (Al-7) and other times 
not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means tho probe is being cleaved 3' to 
the quencher rnthor than between die 
rt^pnriPr and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR prod- 
uct in the *>' nuclease TCK assay is to use 
a probe wirb the reporter and quencher 
dyes- uri opposite; ends. 

Placing the quencher dye on the .V 
end may aldo provide a slight benefit In 
terms of hybridization efficiency. The 
presence of a quencher attached to an 
Internal nucleotide might be expected to 
dliiupt base-pairing and reduce the T m 
of a probe. In fact, a 2 n C-3 n c: reduction 
in T m )ms been observed for two piobcs 
With inteuially alLached TAMkAs."* Ilvis 
disruptive effect would be minimised by 
placing the quencher at the 3* end, Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
Ihun piolies wiili internal Ljuciiiheix 

The combination of increased cleav- 
age and hybridization efficiencies means 
that prohci with 3* qucnehcrs probably 
^wiil be inore toleTan t of niisT^ 
twocn probe ond tftrgct 0f» compared 
with jjilemally labeled probes. This tol- 
erance of mismatches eao be advanta- 
geous, as when trying to use a Mnglc 
probe to detect PCK-amplificd products 
fruin sample uf different species. ^AIso, il 
mean's that cleavage of probe duri t\% PCR 
is less seniiitive tu altcmUoiih in an- 
nealing temperature or other reaction 
conditions, ihe one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. I,ec 
ct demonstrated that allele-speclfic 
pmhes wtrc cleaved between reporter 
and quencher onfy when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the norma) 
human cystic fibTO-sis allele from The 
AFS0B mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
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mM Mg 

figure 3 Kffect of Mg* • concemretiun on HQ ratio for the A1 series of probes. The minnmaiita 
emission intensity at .MR and 562 nm was measured for solutions containing SOiim probe, JO mM 
Tri«-Ua (pll 8.3), 50 t*im KH, and varying amounts (0 10 vm) of MgCU. The calculated RQ 
ratios icsu inm intensity divided t>y skz nm intensity) arc plotted vs. MgCl 2 concentration (,hm 
Mr). The key (ur/pcr ri^hr) ihows the probes examined. 
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dyes used, spacing between reporter and 
quenchci dyes, nucleotide sequent:* 
context effects, presence t>t structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second factor IS the efficiency 
of hybridization, which depends on 
probe 7' m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and templar* as shown by 
-the observation-that mismatch es in the 





segment between reporter and quencher 

5- dyes drastically reduce the cleavage of 

>f ) prohe.< l > 

The rise in RQ values for the Al sct- 

a- ries of probes seems to indicate that the 

\. degree of quenching is reduced some. 

;s ' what as the quencher is placed toward 

:e ' the 3 r end. The lowest apparent quench- 

:s e lng is observed for probe A) -19 (sec Fig, 

a ; 3) rather than for the probe where the 

,. TAMRA is at the 3' end (Al-26). This is 

;s } understandable, as the conformation of 

c the S' end position would be expected to 

e be less restricted than the conformation 

, of an Internal position. In effect, a 

; . . . ouencher ar the 3' end is freer to adopt 

( conformations close to the 5' reporter 

r , dye than is an internally placed 

r ; quencher. For the other three sets of 



probes, the interpretation of RQ' values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ"' Hum I Ik* in- 
ternal TAMRA probe. For this F2 pair, 
both probes have about the same RQ 
value. For the PS probes, the RQ' for the 
3' probe is less than foi the mlcuMJIy 
labeled probe, Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef^ 
feci on RQ . 

Although there may be 0 modest ef- 
fecron-degree-of quenclimgTthe posi^ 
Uon of the quencher apparently can 
have * large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al*2, where place* 
ment of the TAMRA on the second nu» 
cleottde reduces the efficiency of cleav- 
age to almost ^cro, l ; or the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in* 
temal TAMRA probes. This is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. For the Al probes, 
the cleavage efficiency of probe Al-7 
must already he quite high, as ARQ does 
not Increase when the quencher is 
placed closer to the 3' end This illus- 
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IralCi the importance of beJnfl able to 
use probes with a quencher on the 3' 
end in the V nuclease t'CU assay. In (his 
assay, an increase in the intensity of r* 
porter fluorescence J* oU«rved on Iy 
when the probe is cleaved between the 
reporter and quencher dyes. l*y ptuclng 
the reporter and quencher dye* on the 
opposite end* of an oligonucleotide 
I'robe, any eieavn«v that omit*: wMJ 1*. 
detected. When the quencher ix attached 
to in liiUriual nucleotide, frumoilmos the 
probe work* well and other times 

not *o well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is beixin cleaved 3' 1o 
the quencher rnthcr than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in the 5* nuclease PCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the T 
end may also provide a slight benefit in 
terms oi hybridization efficiency. The 
presence of a quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing And reduce the T m 
of a probe. In fact a 2»C-3 9 C reduction 
has been Observed for Hvo probes 
with internally attached TAMRAs, (9) This 
disruptive effect would he minimised by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of Increased deav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and Target as compared 
with internally labeled probes. This Xvl* 
erancc of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplihed products 
from samples of different species. Also, it 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage Is for allelic discrimination. Lee 
et ai, <T> demonstrated that allclc-specific 
probes were cleaved between reporter 
and quencher only when hybridised to a 
perfectly complementary target. This al» 
lowed them To distinguish the normal 
human cystic fibrosis allele from the 
AF508 mutant. TheiT probes had TAMRA 
attached to the seventh nucleotide from 
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Uim .V end and wore downed to thai any 
mismatches were between the reporter 
and quencher. lncrewin* the distance 
bttwwm reporter and qtirneJw would 
lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect tar«tjt. Thus, probes 
*Wth ft quencher attached to an internal 
nucleotide may si 111 be ucoful for allelic 
disrrlininatlon. 

In thl* study lost of quenching upon 
hybridation wn* used to show that 
quenching by a 3' TAMJU l» dependent 
vn the flexibility of a sin K le.«randed 0)1- 
gonudeotld* The Increase in reporter 
fluorescent* intensity, though, could 
ako be uu*d to determine whether hy. 
brldlzation has ocuirred or nor. Thus 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
should also be useful its hybridization 
probes. The ability to delect hybrids 
Tlon in real time means that these pxubvs 
could be used to measure hybridization 
Kinetics. Also, this type of probe could be 
used to develop homogeneous hyhrtcl- 
imtion iwayi tot diagnostic* or other ap. 
plications. Bagwell Ct al.< J0 > describe just 
Jills type of homogeneous assay whore 

hybridization of a probe causes an in- 
crease in fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requhw add- 
ing nucleotides to both ends of the 
probe ccquwuK to form two imperfect 
hairpins. IT* results presented h«e 
dwiioxistraw that the simple addition of 
a reporter dye to one end of an oljgonu* 
cicotide and a quencher dye lo the oUiui 
>nd generates a fWo g enlc proh* tkrt 
can detect hybridation or i'CK amplifl- 
cation. 
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